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Composite nanopowders Y,0;—MgO (1:1 by volume) were synthesized by the method of
self-propagating glycine-nitrate synthesis with an excess of glycine and nitric acid. It was
shown that freshly prepared powder (precursor) contains about 19 % of unreacted compo-
nents and intermediate reaction products, which are removed by subsequent calcining.
Crystallization of the precursor starts at calcination temperature above 600°C and leads to
nucleation of the crystalline phases MgO and Y,0;. It was shown that calcining at
temperatures from 800 to 1000°C leads to the formation of nanocrystals with sizes from
20 to 90 nm, respectively. The specific surface area of composite nanopowders decreases
from 48 to 16 m2/g with increasing calcination temperature in the range T = 700-1000°C.
It was shown that during Y,0,-MgO calcination in the air, intense chemisorption of CO,
occurs on the surface of nanopowders. According to calculations, about 5 % of MgO is
converted to magnesium carbonate. Finally, Y,0,—MgO composite ceramics with average
grain size of 255 nm and transmittance of 71 % at A = 6000 nm have been obtained by
spark plasma sintering of synthesized nanopowders.

Keywords: nanopowders, self-propagating glycine-nitrate synthesis, composite ceram-
ics, magnesium oxide, yttrium oxide.

MeromoM caMOPaCIPOCTPAHSIONIEroC ININIIUH-HATPATHOrO CHHTEe3a ¢ MSOBITKOM IVIMIIMHA W
a30THOI KMCIOTH CHHTESMPOBAHBI KOMIIOSHTHBEIe HaHomopomkn Y,0,-MgO (1:1 mo ofwemy).
ITokasaHo, YTO CBEKEIPUTOTOBJICHHLII IIOPOIIOK (IIPEeKypcop) comepuT okoao 19 % Hempo-
pearupoBaBIINX KOMIIOHEHTOB M IIPOMEIKYTOUHBLIX IIPOLAYKTOB PEaKIIUN, KOTOPbIE YIANSIOTC
MMOCJEAYIOUINM OTKUroM. Kprcramnusamuda IpeKypcopa IPOUCXOAUT IIPHU TeMIlepaType IIpo-
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xanupaHua Beime 600°C w mpuBoguT K HyKJeanuu Kpucramamdeckux ¢as MgO u Y,0,.
ITokasano, uro nmpoxkaaupanue npu remmneparypax or 800 xo 1000°C nmpusogut K popMUpo-
BAHUIO HAHOKPUCTANIOB ¢ pasmepamu or 20 xo 90 HM, COOTBETCTBEHHO. ¥YAeJbHAas ILIOMIALb
IOBEPXHOCTH KOMIIOSHMTHBIX HAHOIIOPOIIKOB cHunxaerca ¢ 48 mo 16 M2/I‘ C IIOBBIIIEHHEM
TeMIepaTyphsl oT:kura B guanaszone T = 700-1000°C. Ilokasano,uTo B Ipollecce MPOKAaJIUBA-
Husa Y,05,-MgO B Bosgymmmoii artmoctepe mpomcxonur umHTeHCHBHaA xemocopbums CO, Ha
[IOBEPXHOCTH HAHOIIOPOIIKOB. B coorBeTcTBUM ¢ pacueramu, nopsigra 5 % MgO mepexopur
B KapboHar marams. MeTomoM IJI1a3MEeHHO-NCKPOBOIO CIIEKAHHUS M3 CHHTE3WPOBAHHBIX IIO-
POIIIKOB TOJIy4yeHa KoMmosuTHas Kepamuka Y,0,—MgO co cpegaum pasmepom sepra 255 HM
u mpomyckanueMm 71 % mpu A = 6000 mM.

Hanomopomku Y,0;—MgO nna mposopoi kommozutnoi kepamiku. O.C.Kpuiscanoscoka,
H.ACagponosa, A.E.Banabanos, P.Il.Aeeyvruil, M.B./Jo6pomaeopcvra, I3an Ji, C.Ilempy-
wenkxo, O.B.Tormavos, H A.Mameeescvra, O.M. Illynivenro, B.IO.Mailopos, [].Copporos.

MeTogoM caMOTIOMIMPIOBAHOTO TJAINUH-HITPATHOTO CUHTE3Y 3 HAAJUIITKOM TJIINUHY i
a30THOI KMCJIOTH CHHTE30BAHO KOMIOSUTHI Hamomopomkx Y,0,—MgO (1:1 sa o6’emom). Ilo-
Kas3aHo,II[0 CBIJKOIPUTOTOBAHUIH TOPOIIOK (IpeKypcop) Mmictuth 6ausbko 19 % Kommoneuris,
110 He IPOopearyBajiv, i TPOMIKHUX TPOAYKTIB peakIii, AKI BUAANAIOTHCA HACTYIHUM Biama-
aom. Kpucramisamis mpekypcopa BigOyBaeThca TpU TeMNepaTypi TPOKAPIOBAHHA BUIIlE
600°C i mpusoguTh Ko HykJeanii kpucramiuamx ¢gas MgO i Y,0;. Ilokasano, mio mposxapio-
BaHHA Tpu Temmueparypax Big 800 mo 1000°C mpuBoauTh 70 MOPMYyBAHHA HAHOKPHUCTANIB 3
posmipamu Bixm 20 go 90 mm, Bigmosigmo. IlMTomMa miolma MOBEPXHI KOMIIO3BUTHUX HAHOIIO-
POIIKiB BHIMKYETHCA 3 48 7m0 16 MZ/I‘ 3 MiABUIIEHHAM TeMIlepaTypu Bignany y miamasoni T
= 700-1000°C. Ilokasamo, mo y mnpomeci mpoxapiopanus Y,0,-MgO B mopiTpsamiit armo-
ctepi Binbysaerncsa inTeHcmBHA xXemocopbuia CO, Ha mosepxHi HaHomopomkis. Bigmosizmo
00 pospaxyHkie, 6ausbko 5 % MgO nepexomuts y rkapGonar mardiro. MeTogoMm ILIasMOBO-
ickpoBOro cHikaHHA 3 CHHTE30BAHUX IIOPOIIKiB OTPHMAaHO KOMIIOSUTHY Kepamiry Y,0,—MgO

iz cepenniM poamipom zepua 255 Hm i mpomyckamuam 71 % mpu A = 6000 mMm.

1. Introduction

The transparent composite nanoceramics
Y,03-MgO is being actively studied as a
promising material for IR opties. Y,0;-MgO
nanocomposite has much better optical and
mechanical properties, in comparison with a
single-phase counterparts [1, 2].

To create such ceramics, controlled dis-
persion nanopowders are used, which are
compacted using high-speed consolidation
methods, such as hot pressing (HIP) and
spark plasma sintering (SPS). These meth-
ods are designed to suppress diffusion mass
transfer in order to prevent grain growth
above 400 nm. The submicron grain size
and their uniform distribution in the ce-
ramic volume provide high hardness and
strength along with high optical properties.
A number of methods are used to prepare
starting powders, such as spray pyrolysis,
coprecipitation, sol-gel, hydrothermal [3-7].
Solution combustion synthesis (SCS) stands
out among them. It is based on a fast and
self-sustained redox reaction between fuel
and an oxidant in the presence of metal
cations resulting in metals oxides nanopow-
der formation [8, 9]. Particle diameter and
size distribution, surface condition, specific
surface area and porosity depend on many
SCS parameters, the main of which is the
composition of oxidant-fuel mixture. It is
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usually expressed in terms of elements
stoichiometric coefficient (®,) [8]. Optimiza-
tion of the conditions for obtaining
nanopowders to increase their sinterability
is reduced to fine tuning of the size of
nanoparticles and the values of their spe-
cific surface area by varying the parameter
®,, pH of the solution, and subsequent cal-
cining temperature [10-183]. A characteristic
feature of high-speed consolidation methods
is extremely high sintering speed. Therefore,
the use of extremely small Y,0;-MgO
nanopowders leads to the pores formation in
ceramics, because the high sintering ability of
finely dispersed powders leads to the rapid
closure of internal pores, which are not re-
moved during further compaction [14].

The preparation of deagglomerated parti-
cles is a key point in compaction using the
SPS method. To obtain homogeneous ceram-
ics with 100 % relative density and high
optical properties, it is necessary to mini-
mize temperature gradients in the compact
volume during sintering. A uniform distri-
bution of the contact points of particles on
which energy dissipation occurs, and inter-
particle spaces, in which local heating will
occur, ensure this. Thus, conditions when
compaction is carried out mainly due to
plastic deformation, avoiding grain-bound-
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ary sliding, rotations and subsequent coales-
cence of grains, are created.

One of the methods of high-temperature
self-propagating synthesis is the glycine-ni-
trate method. It is simple, well adapted for
use in hot pressing [10, 12] and allows to
obtain nanoparticles in a wide range of sizes
and specific surface area depending on com-
bustion conditions. The use of reaction sys-
tems with an excess of glycine allows to
generate a large number of nucleation sites
in the synthesis process in a short period of
time, ensuring a small size distribution of
nanoparticles, while the release of large vol-
umes of gases ensures particle agglomera-
tion. Thus, the glycine-nitrate synthesis
method is promising for the production of
Y5,03-MgO nanopowders and its adaptation
for compacting ceramics by the SPS method
is of current interest.

2. Experimental

Synthesis of Y,03—MgO nanopowders
and composite ceramics

Yttrium oxide Y,05 (99.999 %, Alfa
Aesar) and magnesium oxide MgO
(99.99 %, Alfa Aesar) powders were dis-
solved in nitric acid HNO5; (69 %, Fluka
Trace Select), taken in proportion 1:1 by
volumes of the final oxides, to form
Y(NO3); and Mg(NO3), solution. Glycine
deionized water solution C,HgNO, (99 %,
Merck) was added to Y(NO3); and Mg(NO3),
solution in a molar ratio corresponding to
stoichiometry of redox-reactions (1-3) tak-
ing into account the excess of nitric acid
(5 %) used to dissolve the oxides.

=MgO + CO, + Hy,O + N,

= Y203 + C02 + Hzo + N2,

The oxidant-fuel mixture that is usually
expressed in terms of elements stoichiomet-

ric coefficient (®,), was calculated using
Egs. (2) and (8) [15].

D(Cor)(®) (4)
C DICre @)

where C,.; is the coefficient of oxidizing
elements; C,,; is the coefficient of reducing
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elements; v is the valency. ®,=1 corre-
sponds to the stoichiometric ratio, ®, > 1

indicates a fuel lean system and ®, <1 is a
fuel rich system. The valence ratio value in
this work was 0.83 that corresponded to
fuel rich system.

Obtained solution was stirred and heated
to boiling. After water evaporation, solu-
tion transformed to gel which self-ignited
at approximately 200°C forming precursor
powder. Precursor was calcined in air at
600, 800, 1000°C for 4 h in order to pro-
duce Y,05—MgO nanopowders.

Sintering experiments were conducted
using a SPS-515S (Dr. Sinter*LAB, Japan)
unit at 1300°C for 8 min at the pressure
50 MPa and average heating rate of
100°C/min.

Characterization of Y503—MgO nanopow-
ders and composite ceramics

Simultaneous thermogravimetric and dif-
ferential scanning calorimetric (TGA/DSC)
analysis was performed on NETZSCH 449C
thermal analyzer at a heating rate of
10°C:min~!. Powder X-ray diffraction
(XRD) studies were performed on Shimadzu
XRD 6100 (Japan) diffractometer using
CuKo radiation (1.54060 A). Fourier trans-
form infrared spectra (FT-IR) of the sam-
ples were measured on a FT-IR spectrometer
SPECTRUMONE (PerkinElmer) with the
KBr pellet technique. Field emission scan-
ning electron microscopy (FESEM, Model
Magellan-400, FEI, USA) and transmission
electron microscopy (TEM, TEM-125, Selmi,
Ukraine) were used to evaluate morphology
of the nanopowders.

Specific surface area (S), average pore
diameters (D,,) and total pore volumes
(VTp) of the prepared Y,03-MgO nanopow-
ders were calculated from N, physisorption
data using "Autosorb IQ" automated gas
analyzer (Quantachrome Instruments). Cal-
culations were conducted by Brunauer-Em-
mett-Teller (BET), Barrett-Joyner-Halenda
(BJH) and Density Functional Theory (DFT)
methods using standard Quadrasorb SI soft-
ware. All samples were degassed at 100°C
for 12 h to remove any physically adsorbed

species.
Average particle size was evaluated from S:
F 5
d=-2.109, ®)
pS

where p is the density of the material
(g/m3), S is the specific surface area of the

831



O.S.Kryzhanovska et al. / YoO03—-MgO highly-...

material (m2/g), Fg is the shape factor of
the particles (6 for cubes and spheres) [16].

The transmittance of 1 mm-thick pol-
ished samples of Y,03-MgO composite ce-
ramics were studied using a Fourier-Trans-
form Infrared (FTIR) spectrometer (Vertex-
80, Bruker Optik GmbH, Germany).

3. Results

Dependence of the composition and mor-
phology of composite nanopowders Y ;05—
MgO on the calcination temperature

Fig. 1 shows the thermogravimetric and
DTA curves of freshly synthesized uncal-
cined Y,03-MgO powder. Mass loss at tem-
peratures up to 225°C is associated with
removal of absorbed and molecular water
(about 8 % of the mass). In the range from
225 to 650°C the mass loss is 19 % due to
the decomposition of the intermediate
phases and the starting components that did
not react during the synthesis. The endo-
thermic peak on the DTA curve at about
405°C corresponds to pyrolysis of yttrium
nitrate [17] and magnesium glycinate [18],
the exothermic peak at 561°C corresponds
to decomposition of YOHCO; phase [19].

100 |

DTA (mW/mg)

1 1 1 1 1 _9
0 200 400 600 800 1000 1200

T(°C)

Fig. 1. Thermogravimetric and DTA curve of
Y,03;-MgO precursor.

Above 600°C, continuous mass gain is ob-
served, which reaches 8.66 % at 1100°C,
apparently associated with adsorption of
CO, by the surface of nanopowders from
purged air. A similar mass gain was ob-
served in [20] at temperatures above 750°C
with thermogravimetry of the olivine min-
eral containing 35 % MgO.

According to transmission electron mi-
croscopy, the synthesized Y,03;—MgO powder

‘

Fig. 2. TEM images of Y,0,—MgO precursor (a) and nanopowders calcined at 600 (b), 800 (c) and

1000°C (d) for 2 h.
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Ry o '{ FLe1
Fig. 8. FESEM image of Y,0,-MgO nanopow-
ders calcined at 1000°C for 4 h.

is a foam (porous gel) (Fig. 2a). After cal-
cining at 600°C for 2 h, the powder is a
branched fiber with thickness of less than
10 nm, reproducing the structure of the in-
itial gel (Fig. 2b). It can be seen that spaces
between fibers are hollow, which is associ-
ated with the removal of gaseous water and
organic components of the powder, as well
as with decomposition of the unreacted part
of nitrates and carbonates. This correlates
with total mass loss of 26.7 % . Calcination
at 800°C leads to the formation of isolated
nanoparticles with size about 20 nm (Fig.
2c¢). Higher mass loss compared to 600°C
(32.8 %) is apparently associated with the
complete decomposition of residual unre-
acted components. The average nanocrystal
size in powder calcined at 1000°C is 59 nm
(Fig. 2d). Despite the significant enlargement
of particles, the mass loss during calcining is
less than at 800°C (30.65 %), which may be
associated with the adsorption of gases from
air during powder cooling. According to

a)

1000°C

a.u.

800°C

J\ A - 600°C

1
25 30 35 40 45 50 55 60 65
26, deg

FESEM, Y,0;-MgO nanopowder, calcined at

1000°C, represents agglomerates up to 1 um
in size, consisting of cubic nanoparticles with
size of 80-100 nm (Fig. 3).

XRD pattern of the powder annealed at
600°C contains the main reflections corre-
sponding to the phases of cubic MgO (space
group Fm3m, JCPDS No. 45-0946) and
cubic Y,03 (space group Ia3, JCPDS No.
41-1105) (Fig. 4a). The lines are signifi-
cantly broadened, which indicates small
crystallite size. With increasing calcination
temperature, the lines become narrow, their
intensity increases, which indicates an in-
crease in crystallite sizes. XRD pattern of the
powder calcined at 1000°C shows that it con-
sists of crystalline phases of magnesium
oxide and yttrium oxide, impurity phases
were not detected within the sensitivity of
the method. Thus, the powder is a homogene-
ous mixture of isolated MgO and Y,04
nanocrystals.

Fig. 4b demonstrates FT-IR transmission
spectra of as-prepared and calcined Y,03—
MgO nanopowders. The absorption broad
band centered at 3430 as well as 1634 cm™!
and 1019 should be attributed to O-H
stretching and bending vibrations, respec-
tively [21, 22]. The bands in the interval
from 1330 to 1740 em™! can be attributed
to different species of carbonates. The in-
tensity of this group of lines is almost the
same for all calcined powders. The bands
appeared at low frequency of 560 c¢m™! cor-
respond to stretching vibration of Me—O-Me
bonding. The intensity of these lines in-
creases with increasing calcination tempera-
ture. The absorption spectrum of the uncal-
cined powder contains a narrow line at
1885 em ™!, corresponding to asymmetric

1000°C b)
800°C
c
o
]
]
[
% 600°C
|_
Prew
1 " 1 " 1 " 1 "
4000 3000 2000 1000 0

Wave number (cm'1)

Fig. 4. XRD (a) and FT-IR patterns (b) of Y,05,-MgO nanopowders calcined at 600, 800 and 1000°C.
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stretching vibration of the NO3;™ [23] group,
which disappears after calcination.

A more detailed study of the powders
structure was carried out by the volumetric
statistical method of nitrogen adsorption ca-
pacity. The nitrogen adsorption isotherms
of Y,03;-MgO powders calcined at 700, 800,
and 900°C for 4 h are shown in Fig. 5a. The
form of isotherms is of type IV according to
the IUPAC classification, which corresponds
to capillary condensation in mesopores. On
the adsorption-desorption graph, 1H type
hysteresis loop is observed, which corre-
sponds to the globular shape of the particles
[16]. The specific surface area of composite
powders decreases with increasing calcina-
tion temperature from 48 to 16 m2/g,
which corresponds to an increase in particle
size from 30 to 90 nm (Table). The average
pore diameter and total porosity of the pow-
ders were determined by BJH and DFT
methods. With increasing calcination tem-
perature, the average pore diameter in-
creases, and the porosity decreases. The
Table shows that these values are in good
agreement for samples obtained at rela-
tively low temperatures. The mismatch at
high temperatures does not violate the gen-
eral tendency and is explained by the fea-
tures of the methods. The pore size distri-
bution obtained by two different methods is
shown in Fig. 5b, c. With increasing calci-
nation temperature, the main maximum of
the pore distribution shifts to the region of
large diameters. In addition, at calcination
temperatures of 800 and 900°C, new pores
with diameter of less than 5 nm appear.

Optical properties of SPS sintered Y 03—
MgO composite ceramics

To study sinterability of obtained pow-
ders, Y,03—MgO powders calcined at differ-
ent temperatures were subjected to consoli-
dation by SPS method at T = 1300°C. The
powders were loaded into a graphite die
with an inner diameter of 15 mm, the inter-
nal surface of which was covered with
graphite sheet.
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Fig. 5. Adsorption isotherms of Y,0;-MgO
nanopowders (a) and their pore diameter dis-
tribution determined by BJH (b) and DFT (c)
methods.

Table. Mesostructure characteristics of nanopowders Y,0,-MgO analyzed by the nitrogen

physisorption
T.ue °C Sspnf2B/EgT), an (BET), nm| Dpore, nm Pore volume, cm3/g
BJH DFT BJH DFT
700 48 29.1 15 14 0.36 0.28
800 34 41.0 23 17 0.29 0.22
900 22 63.4 119 27 0.29 0.15
1000 16 87.2 Not mesured Not mesured
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Fig. 6. FESEM of polished Y,05,—MgO ceramic

surface (a); IR transmittance of SPS sintered

Y,05;~MgO composite ceramics prepared from

nanopowders calcined at 700, 800, 900 and

1000°C for 4 h (b).

Fig. 6a shows FESEM of composite
Y5,03-MgQO ceramics polished surface ob-
tained by SPS from nanopowder calcined at
1000°C. Y,0O5 (light) and MgO (dark) grains
255 nm in diameter are uniformly distributed
in ceramic bulk, pores are not detected.

The optical characteristics of the
Y5,03-MgQO composite ceramics, obtained by
the SPS method, improve with an increase
in the calcination temperature of the pow-
ders (Fig. 6b). Despite the rather low spe-
cific surface area of the powder annealed at
1000°C (16 m2/g), which corresponds to
particle size of 87 nm, ceramics, obtained
from these powders, show the highest trans-
mittances in the near IR range, about
71 % . In the optical transmission spectra of
Y503-MgO ceramics a wide intense absorp-
tion band at the wavelength range of 6—
7 um is observed due to asymmetrical and
symmetrical stretching vibration of car-
boxylate group. This band may be due to
the presence of residual carbonates not re-
moved during calcination and sintering.

Functional materials, 26, 4, 2019

4. Discussion

According to DTA the precursor, ob-
tained by the glycine-nitrate method with
an excess of glycine and nitric acid, con-
tains about 20 % of unreacted components
and intermediate reaction products. Sub-
sequent calcining of the powders in air at
600°C should ensure redox reactions, which,
according to TEM, is accompanied by the
formation of filamentary structures with a
diameter of 10 nm (Fig. 2b). It is known
that calcination of sol-gel combustion-de-
rived powders at 600°C is sufficient to form
20 nm nanocrystals [14]. When using the
glycine-nitrate method with an excess of
glycine and nitric acid, the gel fine struec-
ture is stabilized due to the release of a
large number of gaseous products, incom-
plete decomposition of the precursor, which
complicates mass transfer between particles.
When calcining at 600°C for 2 h, the crys-
talline phases of MgO and Y,0; nucleate,
which is confirmed by XRD. However, the
growth of crystallites is not cbserved due to
the low diffusion mobility of atoms. The
growth of isolated nanocrystals begins at
temperatures above 600°C.

Thermogravimetric data indicate that the
mass loss after precursor calcination at
1000°C is less than after calecination at
800°C. In addition, when the sample is
heated above 600°C, continuous mass gain
is observed. This indicates the occurrence of
adsorption processes on the surface of the
formed nanocrystals. According to FT-IR,
the composition of the powders calcined at
temperatures of 600, 800, and 1000°C con-
tains carbonate groups, and the intensity of
their absorption bands is practically inde-
pendent of the calcination temperature (Fig.
4b). The lines corresponding to the vibra-
tions of physically adsorbed CO, at
2300 cm™! region [24] are absent on the FT-
IR spectra of the studied samples, which
makes it possible to exclude physical ad-
sorption of CO, from consideration. The
presence of a wide absorption line with a
maximum at 3430 ecm~!, corresponding to
vibrations of O-H groups, is associated with
water adsorption from the atmosphere.

It is known [25] that calcining of Y,05
nanopowders in air at 1000°C leads to the
removal of surface carbonate groups. In
[26] it was shown that the interaction of
CO, with MgO nanopowders, prepared
through solution-combustion synthesis and
ball-milling process, occurs by chemisorp-
tion with the formation of a thin surface
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layer of MgCOj3; on the surface of MgO par-
ticles. It can be assumed that when calcin-
ing Y,03-MgO composite powders in air,
MgO nanoparticles with a high surface in-
tensively trap CO,.

Suppose that the difference in mass loss
between samples calcined at 800 and 1000°C
(2.15 %) corresponds to the mass of chemi-
sorbed CO, on the surface of MgO nanopar-
ticles. In accordance with the molar ratio
MgO:Y,05; = 0.25 (1:1 by volume) and reac-
tion (6), we can estimate the mass of mag-
nesium oxide converted to carbonate. Ac-
cording to calculations, about 5 % of the
MgO mass in the composite Y,03;—-MgO pow-
der converts to MgCOj;, which corresponds
to an adsorption value of 1.17 mmol/g. This
is comparable with the value of CO, chemi-
sorption by the MgO surface (1.611 mmol/g
at 25°C and 1 atm, S,, (BET) 15 m2/g) ob-
tained in [26]. According to thermo-
gravimetric data, about 8 % of the mass of
MgO is converted to MgCOs;.

MgO + C02 = MgCO3. 6)

On the one hand, the chemisorption of
CO, can underestimate the specific surface
area of powders, since degassing before
measurements by the BET method cannot
remove CO, chemisorbed on the active cen-
ters of MgO nanoparticles. On the other
hand, after powders calcining at 900°C, ad-
ditional pores with diameter of 2 to 8 nm
are formed (Fig. 5 b, ¢, Table). The forma-
tion of a more developed surface at the
nanoscale can be explained by the chemical
transformation of MgO into MgCO3;, which
is accompanied by deformation and an in-
crease in the crystal lattice volume on the
surface of nanocrystals. MgCO; phase was
not observed by XRD in calcined powders
(Fig. 4a). Thus, in the composition of the
Y5,03-MgO nanopowders, there is a certain
amount of the MgCO; phase, not fixed by
XRD, in the form of nanolayers on the sur-
face of MgO nanocrystals.

Despite the rather low specific surface
area of powders calcined at 1000°C (S =
16 m2/g), the Y5,03-MgQ ceramics obtained
from them demonstrates the best optical
quality (Fig. 6). This is due to low agglom-
eration and a higher crystallinity degree of
Y,05; and MgO nanoparticles formed under
these conditions. Moreover, the developed
surface of MgO nanocrystals additionally ac-
tivates the sintering process. Apparently,
the SPS regimes used in this work do not
allow complete removal of residual carbon-
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ates, which leads to the appearance of a
wide absorption band in the ceramics spec-
tra in the region of 7 pm.

5. Conclusions

Using self-propagating glycine-nitrate
synthesis with an excess of glycine and ni-
tric acid, Y,03-MgO nanopowders (1:1 by
volume) were synthesized. It has been
shown that as-prepared powder contains
about 19 % of unreacted components and
intermediate reaction products. The forma-
tion of isolated nanocrystals starts at calci-
nation temperature above 600°C. Calcina-
tion at temperatures from 700 to 1000°C
leads to the formation of nanocrystals with
diameter of 20 nm and 90 nm, respectively.
The specific surface area (BET) of composite
powders decreases with increasing calcina-
tion temperature from 48 to 16 m2/g,
which is accompanied by a decrease in pore
volume. After calcining at 800°C and higher
in air atmosphere, intense chemisorption of
CO, occurs on the surface of nanopowders.
As a result, about 5 wt.% MgO is converted
to carbonate. Chemical transformation of
the surface of magnesium oxide nanocrys-
tals after calcining at 900°C leads to the
appearance of additional mesopores with di-
ameter of 2—-8 nm.

The optical characteristics of the
Y5,05-MgO composite ceramics, obtained by
the SPS method, improve with an increase
in the powders calcination temperature. The
highest transmittance (71 %) is observed
for ceramics with an average grain size of
255 nm, obtained from powders caleined at
1000°C. Absorption in the region of 6—7 um
may be due to the presence of the MgCO,
phase on the surface of MgO nanocrystals.
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